An emission spectrochemical method is described for the determination of trace quantities of platinum, lead, and manganese in biological tissues. Total energy burns in an argon-oxygen atmosphere are employed. Sample preparation, conditions of analysis, and preparation of standards are discussed. The precision of the method is consistently better than +15%, and comparative analyses indicate comparable accuracies. Data obtained for experimental rat tissues and for selected autopsy tissues are presented.
Introduction
The rapidly changing environment of man in this industrial-technological age will, in all probability, expose him to many previously exotic elements. The exposure potential for platinum and palladium associated with the anticipated use of catalytic convertors in automobiles is one such case. It is, therefore, worthwhile to establish the tissue levels of these two elements before the potential for environmental alteration has occurred.
A survey of current literature has revealed that there is no published analytical procedure presently available for the determination of platinum and palladium in biological tissues. In fact, data available relative to the residual concentrations of these two elements in biological tissues are scanty, but best estimates place the order of magnitude in the t To whom correspondence should be addressed.
nanogram range (1, 2) . The reason for this situation is twofold-namely, the extremely low concentration of these elements in tissues is below the detection limit of the analytical techniques routinely employed for tissue analysis; and the lack of scientific interest in these elements because of their very limited distribution in the environment and the attendant low environmental exposure probability. Specifically, the concentration of platinum metals in commercial ore is 0.5 ppm (3) .
An example of an analytical technique of inadequate sensitivity is described by Wolstenholme (4), who analyzed dried blood plasma by spark source mass spectrometry. Detection limits of 0.7 ppm for platinum and 0.2 ppm for palladium are reported. A similar situation was found by Gofman et al. (5) , who used x-ray spectrochemistry for the analysis of blood. Although platinum and palladium were not detected, they reported 99% confidence limits on mean values of 0.00-0.10 ppm for palladium and 0.00-0.46 ppm for platinum. The simultaneous determination of thirty trace elements (including platinum) in cancerous and noncancerous human tissue samples by neutron activation analysis is reported by Samsahl, Brune, and Webster (6) . In actuality, only 18 elements were analyzed quantitatively, and no concentration levels were indicated for the other twelve elements. Platinum was in the qualitative group.
With the potential probability of increased environmental exposure to platinum and palladium, it is imperative that analytical methodology be developed quickly which will allow base line concentration levels to be established in biological tissues. From a toxicological standpoint, based on intravenous injections of mammals, palladium has been classified as highly toxic and platinum as moderately toxic (2) . Durbin (7) Theoretically, the technique has a detection limit for Pt equal to the expected concentration level of the samples. To achieve this sensitivity, it will be necessary to concentrate all the Pt contained in a 1-g wet tissue sample into a single 200-Mu1 sample. Use of a preconcentration technique with emphasis on extraneous salt removal is dictated, since ca. 10 mg of inorganic ash will be involved for a sample of 1 g wet tissue.
The selection of an appropriate preconcentration scheme could require extensive investigation because of probable complications associated with the insolubility of certain platinum compounds (especially PtO) in acids including aqua regia.
Emission Spectroscopy: Most emission spectrographic techniques used for tissue analysis are developed with one goal in mind-the attainment of data for a maximum number of elements from a minimum amount of sample (8) (9) (10) . It is possible to modify this approach and to develop a custom technique designed to give maximum sensitivity for platinum. The anticipated improvements should place the absolute detection limit somewhere between 0.010 and 0.025 ,ug/electrode.
In actuality, neither analytical approach will reach the desired residual platinum concentration level without a preconcentration treatment in addition to ashing. However, the time limitation imposed on the project was so severe that an adequate investigation of preconcentration schemes was not feasible.
Consequently, the approach selected repre- sents a compromise-; but, in view of the limited sample sizes available and the multielement analysis requirement, it best meets the needs of the project. The approach selected was the development of a custom emission spectrographic method which would yield optimum sensitivity for platinum. It is recognized that the proposed method will not yield positive values for small tissue samples (<1 g) which contain Pt at the anticipated residual concentration level (0.001 ppm). The proposed approach will, however, easily detect concentrations of platinum at levels which can be defined as representing values significantly higher than the normal statistical variation for a dynamic biological system. No problems are anticipated with the analysis of lead and manganese by the proposed method.
Selection of Analysis Conditions
The dc arc emission spectrographic methApril 1975 fully mixing 20 mg of working matrix with the total ash for the sample (for ash weights up to 15 mg). For ash residues 15 mg and greater, a 1:2 ash to matrix mixture is prepared, and 30 mg of the resulting mixture is packed into the sample electrode. Less than 109 of the samples in this study were prepared by the latter technique. The charged electrodes are heated overnight in an oven at 1100C to remove any absorbed moisture from the arcing mixture.
This mode of sample preparation is particularly desirable in biological analyses where limited sample size is such an important consideration. The success of the method depends on a phenomenon described by Morrison et al. (9) and confirmed by this investigation. For biological ash samples, it is possible to use a relatively broad range of sample sizes without markedly affecting the background-corrected emission intensity. By combining total energy burns with a constant internal standard concentration, satisfactory analyses representing micrograms per electrode are accomplished.
Outline of Procedure
Samples and standards, prepared in the manner described, are packed into carbon electrodes and analyzed by a total energy burn in a controlled argon-oxygen atmosphere with dc arc excitation. Spectra are recorded on Eastman S.A. No. 1 film. The lines of interest are densitometered, intensity ratios are calculated, and concentrations are determined as ug/electrode by reference to analytical curves. The analytical lines used are listed in Table 3 . Composite samples.
Analysis Capabilities
The analytical method, as developed, achieved the desired goal of improving platinum sensitivity by a factor of five over existing methods. A means was provided for evaluating initial exposure experiments on test animals.
Limits of Detection
The limiting sensitivity of the method represents the absolute weight of element Environmental Health Perspectives necessary to produce an average signal to background ratio of 1 :3. Detection limits for this method are compared with those of three other spectrographic techniques employed in the analysis of biological tissues (Table 4) .
Precision
The precision of the method, based on multiple analyses of a synthetic tissue sample, is +-10o at the 1 mg level.
Accuracy of Method
Comparative data for manganese, lead, and platinum obtained from the spectrochemical method and atomic absorption are given in Table 5 . A plot (Fig. 2) comparing the two sets of independent analyses indicate excellent agreement for the elements studied. A least-squares fit of the data in Figure 2 produced a curve with a slope of 44.4 *
Results and Discussion
The data obtained from this study show that platinum and lead are selectively concentrated by certain tissues while manganese concentrations closely resemble the control distribution (Tables 6-9 ), The platinum dis- The method has also been applied to the analysis of the food and deionized water used in the animal exposure experiments (Table 10 ) and to the analysis of selected human autopsy tissues (Table 11 ). The presence of detectable amounts of platinum in the rat food is also suggested by the positive platinum values for kidney and liver tissues from the 90-day lead and manganese feeding studies.
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